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Simultaneous inversion for model
geometry and elastic parameters
Yanghua Wang⁄
ABSTRACT
Both traveltimes and amplitudes in reflection seismol-
ogy are used jointly in an inversion to simultaneously
invert for the interface geometry and the elastic param-
eters at the reflectors. The inverse problem has different
physical dimensions in both data and model spaces. Prac-
tical approaches are proposed to tackle the dimensional
difficulties. In using the joint inversion, which may prop-
erly take care of the structural effect, one potentially
improves the estimates of the subsurface elastic param-
eters in the traditional analysis of amplitude variation
with offset (AVO). Analysis of the elastic parameters
estimated, using the ratio of S-wave to P-wave velocity
contrasts and the deviation of this parameter from a nor-
mal background trend, promises to have application in
AVO analysis. The inversion method is demonstrated by
application to real data from the North Sea.
INTRODUCTION
In the reflection seismic experiment, the information in am-
plitudes and traveltimes is complementary, being sensitive to
different features of the subsurface model. A joint inversion
of both types of data can potentially reconstruct the model ge-
ometry of a multilayered structure (Wang and Pratt, 1997). In
this paper, I show that by properly taking care of the structural
effect, one can improve the estimation of the elastic param-
eters of subsurface targets in the traditional analysis of am-
plitude variation with offset (AVO). AVO analysis has been
used extensively for lithology and fluid prediction in many re-
gions (e.g., Ostrander, 1984; Hilterman, 1990; Hampson, 1991;
Castagna et al., 1993; Spratt et al., 1993; Mallick, 1995; Buland
et al., 1996; Simmons and Backus, 1996; Ramos and Davis,
1997).
In conventional AVO inversion one assumes that all offset-
dependent amplitude effects, other than the reflection coeffi-
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cient, are corrected and then the contrasts in elastic parame-
ters can be estimated from amplitude data (Ursin and Dahl,
1992; Ursin and Ekren, 1995; Ursin et al., 1996). However,
wave propagation effects can significantly affect AVO mea-
surements (Swan, 1991; Martinez, 1993). These effects include
inelastic attenuation, interbed multiples from fine layering, sur-
face multiple reflections, transmission losses, and geometrical
spreading. The geometrical spreading may also be regarded as
a geological effect, which is mainly influenced by the geome-
try of the target reflector and interfaces within the overburden
media. I show in the present paper that the essential part of
this effect is the focusing and defocusing because of the cur-
vature of the target reflector. The removal of this structural
effect is necessary to correctly derive AVO attributes. There-
fore, I attempt to invert simultaneously for interface geometry
and elastic parameters at reflectors.
The inverse problem I deal with has different physical dimen-
sions in both data and model spaces. In the data space, trav-
eltimes and amplitudes are used jointly. In the model space,
different classes of physical parameters, including velocities,
interface depths, and different elastic parameters, are consid-
ered. Practical approaches to tackle these dimensional difficul-
ties are presented. A multistage damped subspace method is
introduced for the multidimensional case.
In using an approximation of the reflection coefficient which
is second-order accurate in elastic contrasts, we can constrain
three interface parameters: relative P-wave velocity contrast,
1fi=fi; relative S-wave velocity contrast,1fl=fl; and the ratio of
average S-wave to average P-wave velocities, fl=fi. The spatial
variation of each of these elastic parameters with respect to
horizontal location, x , is parameterized by truncated Fourier
series. The inversion method is applied to real data from the
North Sea.
RAY AMPLITUDE AND ITS APPROXIMATION
Within the ray assumption, a reflection amplitude is given
by A D A0CQC=L(‘), where A0 is the source amplitude, CQ is
the inelastic attenuation along the raypath, C is the product of
182
                   
Simultaneous Inversion 183
reflection/transmission coefficients calculated with reference
to the Zoeppritz equations, and L(‘) is the geometrical spread-
ing. The geometrical spreading, L(l), can be expressed explic-
itly in terms of the curvature of interfaces encountered along
the raypath (Wang and Houseman, 1994). To invert for elastic
parameters efficiently, I use approximations to the Zoeppritz
equations for the calculation of reflection/transmission coeffi-
cients. When using the approximations rather than the exact
Zoeppritz equations, the Fre´chet derivatives of amplitudes
with respect to elastic parameters can be calculated analyti-
cally.
I have derived quadratic approximations to the P–
P-wave reflection and transmission coefficients, RP P and TP P ,
with respect to the elastic contrasts at an interface. As Ursin
and Tja˚land (1996) showed, up to three parameters can be esti-
mated from precritical P–P reflection coefficients when the full
Zoeppritz equations are used. The quadratic approximations
are expressed finally in terms of three elastic parameters,
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where µ is the incident angle. These three parameters—the
relative P-wave velocity contrast 1fi=fi, the relative S-wave
velocity constrast 1fl=fl, and the ratio of the average S-wave
to the average P-wave velocities fl=fi—are key parameters in
the description of rock properties at the reflector. An empirical
systematic relation between the P-wave velocity and the bulk
density (Gardner et al., 1974) is used to eliminate density from
these expressions.
In conventional AVO inversion, a linearized approximation
to the P–P reflection coefficient with respect to the elastic con-
trasts (Bortfeld, 1961; Chapman, 1976; Richards and Frasier,
1976; Aki and Richards, 1980; Shuey, 1985) is used. Previous
studies using this approximation found it difficult to estimate
more than two of these key elastic parameters in AVO in-
version (de Nicolao et al., 1993; Ursin and Tja˚land, 1993). In
that circumstance, the usual assumption is that the S-wave-to-
P-wave velocity ratio fl=fi is known a priori. With such a con-
straint the inversion could produce a biased solution. Numer-
ical analysis I conducted shows, however, that when using
quadratic equation (1) in amplitude inversion, the condition
number of the matrix of Fre´chet derivatives of amplitudes with
respect to those three elastic parameters is reduced from that
which uses the linearized formula. Therefore, one can in prin-
ciple invert for three parameters, subject to the S/N ratio in
amplitude data.
INVERSION METHOD
Parameterization in inverse modeling
In my approach to the inversion problem, I consider a
2-D stratified structure model, as depicted in Figure 1, where
smooth and curved interfaces separate homogeneous layers.
In each layer the P-wave velocity is assumed to be constant.
However, the inversion allows the elastic properties to vary
along the horizontal interfaces. This model parameterization
is based on the following assumptions:
1) Amplitude data do not constrain absolute interval ve-
locities, which are essentially constrained by reflection
traveltimes;
2) The stack of constant velocity layers is a good macro-
model in a specific area as far as the reflection traveltimes
are concerned; and
3) Amplitudes are significantly sensitive to velocity pertur-
bations at the vicinity of a reflection point when compared
with the velocity variation along the whole raypath from
source to receiver (Wang and Houseman, 1995).
The elastic property of a reflector is measured in terms of
three elastic parameters, which are laterally variable along the
interface and denoted by 1fi=fi D P(x), 1fl=fl D S(x), and
fl=fi D G(x); i.e., these are functions of the spatial coordinate
x . The process of extracting the variation of the parameters
P(x), S(x), and G(x) along a target reflector is often referred
to as reflector attribute extraction in the context of AVO anal-
ysis. In AVO analysis the geometrical effect attributable to the
curvature of interfaces is usually not considered. In this paper, I
advocate a simultaneous inversion for both the interface geom-
etry and the elastic parameters. Both the geometrical spreading
for a multilayered structure and reflection/transmission coef-
ficients at interfaces are represented analytically as a function
of the interface geometry and the elastic parameters.
The depth z D Z(x) of an interface and the variation of the
elastic parameters P(x), S(x), and G(x) along the horizon are
parameterized by truncated Fourier series,
f (x) D a0 C
NX
nD1
[an cos(n…k0x)C bn sin(n…k0x)]; (3)
FIG. 1. A 2-D stratified structure model considered in the joint
inversion of traveltime and amplitude data, inverting simulta-
neously for interface geometry and elastic parameters along
the interfaces.
                       
184 Yanghua Wang
where k0 is the basis wavenumber and fa0; an; bn; (n D 1; N)g
are amplitude coefficients of the harmonic terms. The model
vector, m, that I invert for in a nonlinear inversion thus con-
sists of four sets of amplitude coefficients: fa(J )0 ; a(J )n ; b(J )n ; (n D
1; N)g, where J D 1; : : : ; 4, standing for Z , P , S, and G, re-
spectively. In the following inversion tests, I set the number of
harmonic terms N D 20. Including the interval velocity above
each reflector, there are 1C 4(2N C 1) parameters total in the
inversion. The data vector, d, in the inversion consists of reflec-
tion traveltimes, dtime, and reflection amplitudes, dampl.
Fre´chet matrix and inversion method
The Fre´chet derivatives of traveltimes and amplitudes with
respect to interface perturbations are calculated by using a first-
order approximation. The Fre´chet derivatives of amplitudes A
with respect to the coefficients f»i · an or bn; (n D 0; N)gof the
three elastic parameters P(x), S(x), and G(x) along a specified
reflector are
@(log10 A)
@»i
D (log10 e)
1
Rk
@Rk
@»i
; (4)
where Rk is the reflection coefficient of the kth (target) reflec-
tor and @Rk=@»i is calculated analytically from equation (1).
Finally, we have the full Fre´chet matrix
˜
F D
24˜FtimeA ˜FtimeB ˜0 ˜0 ˜0
˜
0
˜
FamplB
˜
FamplC
˜
FamplD
˜
FamplE
35 ;
(5)
where
˜
0 is the null matrix and
˜
FLJ represents a submatrix of the
Fre´chet derivatives of data of type L (traveltime or amplitude)
with respect to model parameters of class J . In the example I
considered here, model parameters are divided into five classes:
A for interval velocity; B for interface geometry; and C , D, and
E for the three elastic parameters, respectively.
For the different classes of physical parameters considered
simultaneously in an inversion procedure, I need to rescale the
Fre´chet matrix by
˜
˜
F D
˜
F
˜
W; (6)
where
˜
W is a weighting matrix used to balance the sensitivities
of the different classes of physical parameters. I denote the
data residual vector by –d and the data covariance matrix by
˜
C¡1D . With a rescaled Fre´chet matrix defined by equation (6),
the gradient vector, g D
˜
FT
˜
C¡1D –d, is then modified according
to
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and the Hessian matrix,
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The scaled model update can be obtained using a matrix-based
method such as the subspace algorithm (Kennett et al., 1988),
–m˜ D ¡
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A(
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H
˜
A)¡1
˜
AT g˜; (9)
where
˜
A is the projection matrix composed of the basis vectors.
The model vector is defined as a linear combination of those
basis vectors. Finally, the model update is given by
–m D
˜
W–m˜: (10)
The problem remaining is how to define in practice the weight-
ing matrix
˜
W and the data covariance matrix
˜
C¡1D .
Working definitions of matrices
˜
W and
˜
C¡1D
I now describe a practical approach for the definition of the
weighting matrix
˜
W and the data covariance matrix
˜
C¡1D . The
definitions are designed to balance the contributions, in terms
of sensitivities, of the different model parameters and the dif-
ferent data types in the inversion.
The weighting matrix is defined as a diagonal matrix
˜
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where the weighting factors wJ (J D A; : : : ; E) for each sub-
matrix are given by
wA D
trace
¡˜
FtimeB
¢
trace
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FtimeA
¢ ;
wB D 1;
wC D
trace
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FamplB
¢
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¢ ;
wD D
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and the trace of a matrix is defined as the sum of its eigenvalues.
The data covariance matrix is then defined by
˜
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0 •2p
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where the dimensionless balancing factor
• D trace
¡˜
FtimeB
¢
trace
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FamplB
¢ (13)
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and the secondary free parameter p is set equal to 0.75, follow-
ing Wang and Pratt (1997).
Even within the same class of physical parameters (such
as the interface components), the traveltimes and ampli-
tudes have different sensitivities to the model components.
In the following inversion, where I also consider the different
classes of physical parameters, I modify the subspace method
(Kennett et al., 1988) and propose a multistage damped sub-
space algorithm,
–m D ¡
˜
W
˜
A[
˜
AT (
˜
WT
˜
H
˜
WC
˜
D)
˜
A]¡1
˜
AT
˜
WT g; (14)
where
˜
D D diagf„i gˆ
˜
I, „i is the damping factor corresponding
to the ith group of model components, and ˆ
˜
I is the identity
matrix with units of (model parameter)¡2.
A multistage damped subspace scheme is depicted schemat-
ically in Figure 2. Five different classes of physical parameters
(i.e., interval velocity vk , interface z, and elastic parameters
1fi=fi, 1fl=fl, and fl=fi) are considered simultaneously in the
inversion. The model components of each class of physical pa-
rameter are divided into several groups, corresponding to dif-
ferent wavenumber ranges. In this manner, the model space is
divided into a set of subspaces, or subsets. The inversion pro-
cedure constrains a group of subsets at each stage by damping
the remaining subsets („ D 1:0, gray areas in Figure 2).
INVERSION EXAMPLE
Example data set
The simultaneous inversion for model geometry and elastic
parameters is demonstrated using real seismic reflection data
from the North Sea. Figure 3 shows a stacked example pro-
file, after prestack time migration, and indicates five reflections
Ri (i D 1; 5) which are considered in the following inversion.
Close examination of Figure 3 clearly shows gradual phase
changes at points A and B along reflections 3 and 4 and phase
changes at C and D in reflection 5, where the reflection event
varies from single wavelet to multiple wavelets. These phase
FIG. 2. Multistage damped subspace scheme. Five different
classes of physical parameters (interval velocity vk , interface
z,1fi=fi,1fl=fl, and fl=fi) are considered simultaneously in the
inversion. Model components of each class of physical param-
eter are divided into several groups, corresponding to different
wavenumber ranges. By this mean, the model space is divided
into a set of subspaces, or subsets. The inversion procedure at
each stage constrains a group of subsets by damping the re-
maining subsets („ D 1:0 within gray areas).
changes could correspond to changes in the elastic properties
along the reflections.
I pick traveltimes from five reflections Ri (i D 1; 5), where
R1 is the sea bottom, and amplitudes from four reflections
Ri (i D 2; 5). These reflection traveltimes and amplitudes are
extracted from prestack time-migrated CRP gathers. A dem-
igration process is carried out so I have a set of true observa-
tions used as the input of inversion. The actual input data have
been winnowed using a locally weighted regression method
(Cleveland, 1979) to remove the outliers.
Inversion results
A layer-stripping scheme is adopted, i.e., the model geome-
try and the elastic parameters used in the overburden are those
obtained from preceding inversion steps. The initial model for
each interface is an interface curve obtained from traveltime
inversion. The initial estimates for the three elastic parame-
ters along each interface are constants [i.e., all coefficients in
the parameterization equation (3) are zero valued, except that
of a0], where 1fi=fi is calculated based on the constant veloci-
ties from the previous traveltime inversion,1fl=fl is simply set
equal to1fi=fi, and fl=fi is set initially equal to 0.45. Except for
the sea bottom, which is reconstructed from traveltime infor-
mation, four individual simultaneous inversions for reflections
2–5, respectively, are performed.
Inversion results for reflectors 2–5 are shown in Figure 4. In
each part of this figure, the upper portion depicts the inversion
model and the lower portion shows the data comparison. An
inversion model consists of the interface geometry and three
elastic parameters, 1fi=fi, 1fl=fl, and fl=fi. The inverted inter-
face geometry (solid line) is compared with the initial model
from the traveltime inversion result (dotted line). The constant
interval velocity from the inversion is also shown in the figure.
The horizontal variations in the elastic parameters are shown
by both curves and the grayscale, which facilitates comparison
of their spatial variations.
As mentioned earlier, a problem in AVO inversion with a
linearized reflection coefficient is that the background S-wave-
to-P-wave velocity ratio trend must be known a priori. This
ratio is often assumed to be a constant (Castagna and Smith,
1994; Ursin et al., 1996). From the experiments I carried out
with the real data presented in this paper, I found that by using
a constant fl=fi and using a linearized formula, the inversion
tends to produce physically unreasonable solutions for 1fi=fi
and 1fl=fl, such as 1fl=fl ‚ 2 (which implies a negative veloc-
ity). Using the nonlinear approximation (1), I can invert for
1fi=fi D P(x), 1fl=fl D S(x), and fl=fi D G(x) simultaneously.
To see the interdependence of solutions for these three param-
eters, I estimate the correlation coefficient between any two
parameters by
"·i ;· j D
covf·i (x); · j (x)gq
var
'
·2i (x)
“
var
'
·2j (x)
“ ; (15)
where varf·2i (x)g is the sample variance of model parameter
·i (x) and covf·i (x); · j (x)g is the covariance between parame-
ters ·i (x) and · j (x). Numerical results for the solution models
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shown in Figure 4 are listed in the following matrix,
"1fi=fi;1fl=fl "1fi=fi;fl=fi "1fl=fl;fl=fi
R2 0:179 0:197 0:992
R3 0:794 0:210 0:613
R4 ¡0:470 ¡0:421 0:995
R5 ¡0:764 0:845 ¡0:603
; (16)
which shows that1fl=fl and fl=fi are correlated at reflectors R2
and R4 but not at reflectors R3 and R5. The correlations could
be partly because of intrinsic variation of elastic proporties,
although solution artifacts are possible.
Amplitudes have different sensitivities with respect to the
three elastic parameters. An empirical measure of the sensitiv-
ity can be obtained from the trace of the Fre´chet matrix. To gain
some insight into the difference in the parameter sensitivities,
example numerical results are shown as follows:
trace
¡˜
F1fi=fi
¢
: trace
¡˜
F1fl=fl
¢
: trace
¡˜
Ffl=fi
¢
D
8>>>><>>>>:
6:0 : 1:0 : 1:0 for R2;
11:5 : 1:0 : 3:5 R3;
12:5 : 2:5 : 1:0 R4;
20:0 : 1:5 : 1:0 R5;
(17)
though these example values may depend somewhat on the
structural geometry. The observation that the first kernel
trace (
˜
F1fi=fi) increases with depth relative to the other two
kernels suggests that the degree of difficulty in solving 1fl=fl
andfl=fi increases with depth. If one used a simple matrix inver-
FIG. 3. Reflection seismic profile from the North Sea. Amplitudes and traveltimes extracted from prestack migrated CDP gathers
are used in the inversion for interface geometry and elastic parameters along reflectors. Four reflections (R2¡ R5) are considered in
the inversion, whereas R1 is the reflection from the sea bottom. Labels A, B, C , and D indicate phase changes of reflection events.
sion method, not all parameters would be equally well resolved.
Including poorly resolved parameters in the inversion would
cause the solution to be unstable and inefficient. However, the
weighting matrix I propose in equation (11) can efficiently bal-
ance the sensitivities of different physical parameters and thus
effectively stabilize the inverse procedure.
Lithology log data revealed that reflector R4 is an interface
between muddy chalk and chalk. Normally, 1fl > 0, and fl=fi
is expected to be around 0.5. Reflector R5 is the interface be-
tween evaporites (dolomite/salt) and shale. Thus, 1fl < 0 and
fl=fiwould be about 0.55 to 0.60. The results shown in Figures 4c
and 4d seem quite close to those expectations.
MEASUREMENTS FOR LITHOLOGICAL INTERPRETATION
Once a set of elastic parameters is obtained, the variation
of alternative elastic parameters such as Poisson’s ratio can
be evaluated easily. For the purpose of lithological interpreta-
tion, one may attempt to compose the variations of all three
elastic parameters, 1fi=fi, 1fl=fl, and fl=fi, into one diagnos-
tic function. For instance, the contrast of Poisson’s ratio at the
interface, 1¾ (x), is given by
1¾ D (fl=fi)
2
[1¡ (fl=fi)2]2
µ
1fi
fi
¡ 1fl
fl
¶
: (18)
Note that the relative contrast 1¾=¾ should not be used be-
cause of the singularity [¾ ! 0 when (fl=fi)2 ! 0:5].
Figure 5 shows the relative variation of Poisson’s ratio
obtained from the example data sets for reflections 2–5. The
magnitude of 1¾ (x) is close to zero for all reflections except
reflection 3. In reflection 3, however, function1¾ (x) along the
spatial coordinate x oscillates strongly and seems too erratic.
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In addition, the physical meaning of the contrast of Poisson’s
ratio is not easily interpreted.
As an alternative to1¾ , I suggest examining the spatial vari-
ation of the ratio between S-wave and P-wave velocity con-
trasts,
° (x) D 1fl(x)
1fi(x)
; (19)
a) b)
c) d)
FIG. 4. Inversions and reflectors. (a) Inversion I, reflector 2; (b) inversion II, reflector 3; (c) inversion III, reflector 4; (d) inversion
IV, reflector 5. In each figure, the upper component is the inversion model: interface geometry (solid line), compared with inversion
result from traveltime inversion (dotted line) and three elastic parameters (1fi=fi, 1fl=fl, and fl=fi). The lower component is the
data comparison: predicted traveltimes and amplitudes (solid lines), compared with input data (dotted lines).
where the dimensionless parameter ° measures the degree of
correlation or anticorrelation between changes of the P-wave
and S-wave velocity contrasts and thus indicates a lithologi-
cal property of the reflector. This measurement may also be
estimated from the three elastic parameters,
° D fl
fi
1fl=fl
1fi=fi
: (20)
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For a normal, uniform reflection, ° (x) might be approxi-
mated by a straight line, say, °0. The physical meaning of such
an approximation is that a linear relationship between P-wave
velocity fi and S-wave velocity fl exists (e.g., Castagna et al.,
1985):
fl / °0fi: (21)
In the example profile shown in this paper, °0 values estimated
for reflectors 2–5 are 0.76, 0.74, 0.52, and 0.58, respectively.
Any inhomogeneous variation can be extracted by1° (x), the
deviation of ° (x) from the linear trend °0,
1° (x) D ° (x)¡ °0; (22)
which shows quantitative change of the rock property along
a specified horizon. Therefore, I refer to 1° (x) as an abnor-
mality factor. This abnormality factor can be understood as an
alternative to the fluid factor proposed by Smith and Gidlow
(1987), in which they assume that deviations from the mudrock
line for water-saturated clastic silicate rocks (Castagna et al.,
1985) can be used as a gas indicator in some regions.
Figure 6 shows the estimates of1° (x) obtained from the in-
version. The polarity changes from positive to negative or from
negative to positive may be associated with the lithological
changes. I observe that some of these changes also correspond
to the phase changes in seismic events, shown in Figure 3.
STRUCTURAL EFFECTS ON AMPLITUDE VARIATION
AVO inversion is traditionally used to obtain information
on the shear modulus contrast. In the current study, I estimate
the elastic parameters and the model geometry simultaneously.
This approach can be used to improve traditional AVO analysis
by accounting for the structural effects properly.
Figure 7 shows various effects on the seismic amplitudes in
reflection 4. Since a quite satisfactory data fit has been reached
in the inversion, the amplitude prediction from the inversion,
shown in Figure 7a, is used in the following analysis. Figure 7b is
the effect of the inelastic attenuation, CQ ; Figure 7c is the cumu-
lative effect of the transmission coefficients, CT , at interfaces
1–3 within the overburden media; Figure 7d is the overburden
FIG. 5. Contrasts of Poisson’s ratio1¾ (x) at reflectors 2–5 (de-
picted as R2–R5, respectively).
effect, LT , on the geometrical spreading; Figure 7e is the reflec-
tion coefficient, CR , at the target interface; and Figure 7f is the
effect of reflector curvature on geometrical spreading, L R . The
calculations are based on the inversion model for the reflector
shown in Figure 4c.
Attenuation along the ray propagating through the medium
is ray-length dependent (Figure 7b). For a fixed offset, horizon-
tal variation is dependent on the depth of the target reflector.
As the number of layers increases, transmission loss is a sig-
nificant problem encountered in AVO analysis, as we can see
from Figure 7c.
The overburden effect (Figure 7d), because of the focus-
ing and defocusing associated with the curvature of interfaces
within overburden media, seems relatively small compared to
the transmission coefficients in overburden. With a limited off-
set, the focusing effect and the defocusing effect on the down-
going and up-going transmission paths within the overburden
largely cancel each other.
The spatial variation of the reflection coefficient in Figure 7e
is, of course, remarkable. However, it is not a simple copy of
the total amplitude variation. When the depth of the reflector
increases, the difference between these increases. This is partly
because of the transmission loss within the overburden and
partly because of the effect of reflector curvature.
From Figure 7f we can see that the curvature of a reflector
plays an important role in the inverse modeling of reflection
amplitudes. In conventional AVO analysis, which only consid-
ers the angle-dependent coefficients in reflection amplitudes,
the removal of this effect is necessary to derive the AVO at-
tributes correctly. One often uses prestack migration to remove
the structural effect. Since many currently available migration
algorithms are not amplitude preserving, amplitude analysis is
best done on the raw seismic data. In the simultaneous inver-
sion for interface geometry and elastic parameters presented
in this paper, reflection amplitudes (and traveltimes) extracted
from prestack time-migrated gathers are demigrated and can
be considered true observations for inversion processing.
Lateral variation of velocities in overburden layers is not
considered here. In general, amplitudes are sensitive to the
transverse derivatives of slowness within the medium, not to
FIG. 6. The abnormality factor, 1° (x), the deviation of ° (x)
from its linear trend. The parameter ° (x) along horizon x is
the ratio of the S-wave to the P-wave velocity contrasts at the
interface, ° D 1fl=1fi.
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the absolute velocity values. However, we have also found that
a reflection amplitude is most sensitive to the velocity in the
vicinity of the reflection point (Wang and Houseman, 1995).
This is because the amplitude is sensitive to the contrast in
impedance at the reflector.
CONCLUSIONS
A simultaneous inversion is developed for the model ge-
ometry and the elastic parameters, where both reflection trav-
eltimes and amplitudes are used jointly in the inversion. The
investigation clearly shows that the effect of interface geom-
etry is an important component in reflection amplitudes. The
geometric spreading effect associated with focusing and defo-
cusing because of the curvature of reflectors has a variation
with the same order of magnitude as the variations of the re-
flection coefficient with respect to the CDP locations, as well as
the transmission loss in the overburden. Thus, the influence of
model structure should always be taken into account. A practi-
cal inversion procedure is demonstrated using real seismic data
from the North Sea.
FIG. 7. Reflection amplitudes (reflection 4) and various effects on seismic amplitudes: (a) total amplitudes; (b) the effect of inelastic
attenuation; (c) transmission coefficients at interfaces within overburden media; (d) the overburden effect in geometrical spreading;
(e) the reflection coefficient at target interface; and (f) the effect of reflector curvature in geometrical spreading. Calculations are
based on the inversion model (Figure 4c).
In using a quadratic approximation for the P–P-wave reflec-
tion coefficient, I can estimate the spatial variation of three
elastic parameters directly from the amplitude information:
1fi=fi, 1fl=fl, and fl=fi, based on the average of the velocities
above and below the interface and the increments of velocity
at the interface. I propose a parameter ° , defined by the ratio
of the S-wave velocity contrast 1fl to the P-wave velocity
contrast 1fi, to describe the elastic property of a reflector.
The deviation 1° (x) of the spatial variable ° (x) from its
average °0 is an indicator of the variation of the elastic prop-
erties of the rocks along the reflection horizon and thus has
potential for practical lithological interpretation of reflection
data.
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